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NOTICE: 

This report  was prepared as an account of Government-sponsored work. 
Neither the United States, nor the National Aeronautics and Space Administration 
(NASA), nor any person acting on behalf of NASA: 

a) Makes any warranty or representation, expressed or implied, 
w i t h  respect t o  the accuracy, completeness, or usefulness of 
t he  information contained in  this report, o r  that the use of 
any information, apparatus, method, or process disclosed in  
t h i s  report  may not infringe privately-owned r ights ;  o r  

b )  Assumes any l i a b i l i t i e s  with respect t o  the use of, or for  
damages resul t ing from the use of any information, apparatus, 
method, or process disclosed i n  this report. 

As used above, "person act ing on behalf of  NASA" includes any employee o r  
contractor of NASA, o r  employee of such contractor, t o  the extent that 
such employees or contractor of NASA or employee of such contractor prepares, 
disseminates, or provides access to,  any information pursuant t o  h i s  employ- 
ment of contract with NASA, or  h i s  employrmnt w i t h  such contractor,, 

Requests f o r  copies of t h i s  report should be referred to: 

National Aeronautics and Space Administrat ion 
Office of Scient i f ic  and Technical Information 
Washington 25, D.C. 
Attention: AFSSA 
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XNTRODUCTION 

This is the th i rd  quarterly pogress report  on the generation of creep 
data of refractory metal alloys. These al loys are candidate materials f o r  
turbine and tubing applications f o r  space e l e c t r i c  power systems, The ob- 
jectives of t he  program are t o  cons ruc t  fourteen (&) creep units capable 
of operation a t  be t te r  than 1 X 10- 4 o r r  and t o  conduct long t i m e  creep tests 
over the  range from 2000°F t o  3200~ .  

Jn t h i s  reporting period, the major work consisted of (a) acceptance 
tes t ing  of the f i rs t  vacuum creep unit, (b) further bench tes t ing  of the 
residual  gas analyzer, op t ica l  pyrometer, and opt ical  extensometer, and ( c )  
selection of alloys. The progress made in these areas is summarized below,, 

VACUUM SJlsrpI 

It w i l l  be recal led that the major pa r t s  of a vacuum creep uni t  are an 
upper be l l  jar chamber, an ion pump chamber (also functioning as the housing 
f o r  in te rna l  weights) attached below the upper chamber, a bellows arrangemnt 
f o r  external loading, and a coldwall furnace. 

The first vacuum unit has been received and is  now being instal led.  
This unit, Figure 1, has been tested f o r  50 hours at  3500°F. 
m n t s  were 6 KW. 
Figure 2. The d i f f i c u l t i e s  experienced during the test  include temporary 
lo s s  of power due t o  the removal of an e l e c t r i c a l  plug, heating of the s ight  
port due t o  st icking shutter,  and heating of coldwall due t o  low water 
pressure. 

Power require- 
A record of the  pessure  during t h e  test is  shown in 

All of these d i f f i cu l t i e s  were corrected and the  test continued, 

Prior t o  high temperature testing, the system had been baked at LOOOF 
and cooled with a l l  equi ment i n  place including weights and specimen. 
base pressure of  5 X lO-fom ~ k ;  cold was measured. Accurate masurements of 
temperature gradients i n  the hot zone have not been attempted t o  date, 

roughing cart ,  Figure 4 the  hoist  and bakeout car t ,  Figure 5 the bakeout 
oven, and Figure 6 the temporary console containing the temperature controller,  
cold junction oven, temperature recorder, and pressure gauge. 
t a i l e d  discussion of the vacuum system K i l l  be made a t  a l a t e r  date, 

A 

The associated equipment is shown in.Figures 3-6. Figure 3 is the 

A more de- 

- 1 -  
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RESIDUAL GAS ANALYZER 

The residual  gas analyzer m s  designed and b u i l t  t o  monitor the residual 
gas composition in the vacuum creep unit during the creep run. 
consists of an analyzer head attached t o  the vacuum creep chamber wi th  a single 
portable e lectronic  control and readout panel t o  service the analyzer heads 
on a one-at-a-time basis. 
w i l l  be equipped wi th  analyzer heads although attachment flanges w i l l  be PO- 
vided on the other e ight  chambers. 
necessary actuating signals,  but contains the readout equipment including an 
oscilloscope and recorder. 
f o r  a l l  s h  mzlyzer heads so t h a t  one of the two filaments available i n  each 
head can be held a t  a reduced temperature when not in use. By this means t h e  
l i f e  of the filament is extended. 

The analyzer 

A t  the present t i m e  only six of the  fourteen chambers 

The readout panel not only provides the 

An auxiliary filament power supply is provided 

Residual gas analyzers are made by a number of manufacturers t o  various 
designs, but a l l  incorporate the same basic features  as follows: 

1. An electron source. 
2. A means f o r  accelerating the  electrons which ultimately 

cause ionization of the  residual gas. 
3. A posit ive ion accelerator. 
he A system f o r  discriminating between the masses of the various 

posit ive ions. 
5. A posit ive ion detector. 
6 .  A readout system. 

1. Electron Source 

A l l  systems use a hot filament a s  the electron source although the 
design and construction of the filament var ies  between manufacturers. 
equipment used in t h i s  case is provided w i t h  t w o  filaments; one of thoriated 
tridium, which is  the  main filament, and a reserve f i l a m n t  of tungsten, 
switching from one filament t o  another is manual. 
i s  supplied by e i the r  the portable electronic console o r  by a standby supply 
permanently mounted in t h e  cent ra l  console serving a l l  vacuum units. These 
two power supplies operate i n  paral le l  so that when the  portable console is 
disconnected fromthe analyzer head the filament i n  each is maintained a t  a 
reduced temperature by the standby power supply. When the  portable console 
is connected t o  an analyzer head, additional power i s  supplied t o  the filament 
t o  bring it t o  the desired temperature. By t h i s  technique thermal shock t o  
the f i l a m n t  is  minimized and l i f e  o f  the filament is extended. Should the 
main f i l a m n t  f a i l  then the reserve filament can be used i n  a similar manner. 
A window is provided t o  observe the hot filament. 

The 

Tbe 
The power f o r  the filament 

- 2  - 
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2. Electron Accelerator 

Electrons from the  hot filament are accelerated by an e lec t ros t a t i c  f i e l d  

Unlike many of the other systems which provide a continuous stream 
through an ionization region defined by grids. The ionization current is 250 
microamps. 
of ions, t h i s  instrument produces ions in bunches a t  the r a t e  of 1OX per sec. 
The duration of the i o n i z a t b n  pulse is 1*75 microseconds. 
by modulating the electron beam defining gr ids  wi th  a pulse derived from a 
General Radio pulse generator and pulse amplifier. 
formed from the residual  gas, are produced f o r  only 1*75 microseconds. 
is repeated every 100 microseconds. 

This i s  achieved 

Thus, the posit ive ions, 
T h i s  

3. Posit ive Ion Accelerator 

The posit ive ions produced every 100 microseconds are removed from the 
ionization region by mans of an e lec t ros ta t ic  f ie ld .  
applied t o  a l l  res idual  gas analyzers. 

4. Ion Discriminating System 

This principle i s  

The major differences between residual gas analyzers a re  in the ion 
discriminating system. Most systems depend upon angular deflection of the  
ions i n  a magnetic .field t o  discriminate between the ions of various masses. 
In the  Nuclide i n s t P m n t  selected, the time-of-flight p i n c i p l e  is  employed, 
In the t im-of - f l i gh t  system the ions  ejected from the ionization area are 
allowed t o  traverse a path of approximately 32 cm during which time the  ions 
separate into groups dependent upon the ion masses. Thus the hydrogen ions, 
ejected with a higher velocity than the heavier argon ion, reach the detector 
sooner than the  argon ions. Since the ions are produced i n  a f i n i t e  volume, 
gr id  design and applied voltages were optimized t o  cause ions of like mass 
t o  bunch together during the i r  passage down the f l i g h t  tube. 
f a r the r  from the detector are given a s l igh t ly  greater  velocity so that they 
w i l l  reach the detector a t  approximately the sam t i m  as those ions f o r m d  
s l i g h t l y  closer t o  the  detector. 
(H2 t h r u  9) can be resolved with t h i s  instrument. 

The ions formed 

Molecules having a mass 2 through 44 

5. Ion Detector 

A l l  systems measure the  number of ions reaching the detector by moni- 
to r ing  the  current flow a t  the detector. Since a t  low pressures t h i s  current 
is extremely small, the  mre sophisticated systems employ electron multipliers. 
The system which is used in t h i s  application embodies a 16-stage multiplier 
operating from a 4.3 KV power supply t o  boost the ion current which is fed t o  
the readout system. 

- 3 -  
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60 Readout System 

operated a t  maximum gain. 
of a H e w l e t t  Packard oscilloscope f i t t e d  with a ve r t i ca l  amplifier. The 
scanning speed of the oscilloscope is adjusted t o  be less than 100 micro- 
seconds and the scan is triggered by an impulse f romthe  pulse generator 
previously described. 
t o  sweep a t  the start of the ionization pulse. Th i s  pulse can be seen on 
the oscilloscope by vir tue of the t ransients  associated with t h e  start of 
the pulse. 
served because of the  associated transients.  
arr ive at  the detector, they cause a ve r t i ca l  displacement of the  beam, the 
,magnitcde of which is re la ted  t o  the number of ions arr iving at  the detector. 
To supplement t h i s  method of readout, the oscilloscope is equipped with a 
Hewlett Packard display scanner which reproduces the  scope t race  on a Moseley 
s t r i p  chart  recorder. 
of 
(hydrogen-carbon dioxide) can be detected. 
analyzer head is  shown i n  Figure 7 and a block diagram of the complete 
system is shown in Figure 8. 

The output from the electron multiplier i s  fed into a preamplifier 
This i n  turn is fed into the ve r t i ca l  amplifier 

Thus the horizontal beam of the oscilloscope begins 

The end of the pulse 1.75 microseconds later can a l so  be ob- 
As the various posit ive ions 

With t h i s  system residual gases at  partial pressures 
Hg can be detected. A l l  gases having masses of 2 through ,!& 

A schematic diagram of the  

%he photograph, Figure 9* shows the  f l i g h t  tube attached t o  the 
vacuum unit. The ion source is located a t  the  bottom. The material of con- 
s t ruct ion of the envelope is 304 stainless  steel. 

Figure 10 is a photograph of the readout panel showing the oscilloscope 
with trace. The recorder is recessed in to  ths tab le  top. 

Figure 11 is a record of the residual gases a t  a pressure about 
10-8 t o  10-9Torr. 
been used t o  gauge the pressure.) As shown on the  recording, hydrogen is 
the most peva len t  gas. 
tected before bakeout but not a f te r  bakeout, indicating that the 50 has 
largely been removed. 

(The exact pressure is not known since pump current has 

It has been observed t h a t  water can be readi ly  de- 

OPTICAL PYROMETW 

To review briefly, the optical pyrometer t o  be used on t h i s  project 
radiat ion received masures  temperature by electronically comparing the 

from the creep specimen w i t h  that from a calibrated reference lamp. 

For some time dai ly  checks have been made w i t h  the opt ica l  pyrometer 
and the bench standard. These checks have involved moving of the various 
units t o  insure that t h i s  does not have an effect  on the operation of the 
hstrument. Results indicated that moving ths various units (pyromter, 
bench standard, e t c , )  did not affect  the temperature readings. 
small increase in  temperature w i t h  time ( l°F in four days) was  detected. 
This increase is  believed t o  be due t o  aging of the filament in the  standard 
lamp used f o r  calibration. 

However, a 

- 4 -  
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Figure 1 2  shows the equipment operating i n  conjunction with the bench 
The optical  pyrorneter and associated electronics are mounted on 

The standard is  enclosed in a cabinet placed on the bench. 
standard. 
the tripod. 
cart adjacent t o  the tripod and bench houses the D.C. power source and 
associated components required t o  maintain filament currents t o  one par t  i n  

The 

1,000-10,000. 

OPTICAL EXTENSOIBTEFt 

The opt ical  pyrometer which is to  be used i n  this program is  a double 
collimator system having one objective movable with respect t o  the other. 
The movable objective is attached t o  a special  micrometer s l ide  w i t h  a sensi- 
t i v i t y  of 50 micro-inches. A two-inch gauge length wi l l  be used. 

The  op t ica l  extensometer has $&-been received and bench tes t ing  is 
now underway t o  develop the necessary operating techniques. 
discussion of t h i s  uni t  w i l l  be given a t  a l a t e r  date, a photograph of the 
equipment i s  shown in Figure .& 

While a detailed 

ALLOY SEZ3CTION 

The present schedule c a l l s  for the generation of creep design-type 
The materials being considered f o r  creep data f o r  space power systems. 

tes t ing are  l isted below: 

Sheet Specimens 
W (unalloyed)-arc m l t e d  
W-25 R e  
Sglvania A 

Bar Specimens 
TZP(I 

TZC 
3 - 2 2 2  

Cb-132M 
AS-30 

In addition t o  the above alloys, FS-85 w i l l  be used i n  i n i t i a l  check-out 
tests of equipment and procedures. 

- 5  - 
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Three of the alloys--W, W-25 Re, TZM--are on order. These alloys are 
being purchased t o  the detailed material specifications f o r  sheet and forgings 
assembled i n  the Appendix. 
also be used when ordering cross rolled plate  f o r  those turbine al loys which 
cannot readily be obtained a s  forgings, Le., TZC, S-222, Cb-l32M, AS-30. 

woFtK-IN-pRoGREss 

A i r ,  water, and e l ec t r i ca l  power f a c i l i t i e s  are now available f o r  the 

The specifications f o r  the forging material can 

creep laboratory. 
system, d i s t i l l e d  water will be used as the coolant fo r  the f irst  tests. 

U n t i l  a water softener can be incorporated into the water 

Specinaens of FS-85 sheet are being machined and w i l l  be creep tes ted  
fo r  comparison w i t h  other r e su l t s  run under similar conditions. The a l loy  
procurement program is continuing, as i s  the bench tes t ing of the res idual  
gas analyzers, opt ical  pyromter, and optical  extensometer. 

E. E. Evans 

- 6 -  
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FIGURE 1 VACUUM CREEP UNIT 
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FIGURE 2 PRESSURE VS TIME FOR TEST AT 350O0F 
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FIGURE 3 ROUGHING CART 
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FIGURE 5 BAKEOUT OVEN 
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FIGURE 6 TEMPO.XARY CONSOLE 
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TEKTRONIX TEKTRONIX 
TYPE-L TYPE I32 

PREAMPLIFER UNIT POWER 
SUPPLY 

i 

sH";-r I 

G R  G R  
1201-E 1217-8 
POWER PULSE 
SUPPLY GENERATOR 

A 

SH4 (TRAP) 
SOURCE 

SUPPLY-NUCLI DE 

* NUCLIDE 
PS-l OR 

l219A - 
PULSE 

AMPLIFIER 

1 D.C. POWER SUPPLY 
(RUN FROM SOLA 

TRANSFORMER) I 

i l  16 
I 6 STAGE. I 9 ELECTRON 6 

MUUIPUER 1 L---,,, 

HEWLETT-PACKARD 1754 
OSCILLOSCOPE 

ELECTRON MUUIPUER 

PEN LIFT 

PROBE 10'1 

SCAN OUTPUT 

FIGURE 8 BLOCK DIAGRAM 03' RESIDUAL GAS ANALYZER 
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FIG’JRE 9 FLIGHT TUBE ATTACHED TO CREEP UNIT 
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FIGURE 10 READOUT PANEL FOR RESIDUAL GAS ANALYZER 
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FIGURE 12  OPTICAL PYROMETER WITH BENCH STANDARD 
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APPENDIX: MATEBULL SPECIFICATIONS 
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DEVELOPMEXT MATERIAL SPECIFICATION 

REFRACTORY MFTAL SHZT MATERIAL - NOMINAL 0.030 INCH THICKNESS 

APPIXCATION: 
creep tests on available refractory metal alloys. 
program, refractory sheet material suitable f o r  tubing components f o r  
space power systems w i l l  be screened by IOOO-hour creep tests, Sheet 
material with the highs$$ projected strength w i l l  then be creep tes ted  
f o r  10,000 hours, 
alloys. The c5jgctive of the t e s t s  is t o  generate valid design data f o r  
advanced space power systems, 

TRW is t o  perform a ser ies  of high temperature, high vacuum 
As part of the t e s t ing  

Maximum test temperatures w i l l  be 320O0F for the tubing 

MATERIALS: 

DESIGNATION : 

Sheet Alloys 
FS-85 (cb-27~a-im-o.6~r) 
W-( pure) arc-melted 
W-25 Re 
wlvania  A (W-base) composition proprietary information. 

FORM: Sheet material 0.030 -o.ooo +o*oo5 inch thickness. Minimum width 
n c h e s .  

MANUFACTURE: 

CrlNSOLlDATION PROCESS: 
complete information concerning the processing of the cast  ingot i n t o  

The manufacturer shall furnish, where possible, 

sheet material, 
information concerning processing d e t a i l s  should be clearly stated in h i s  
quotation, 
temperature, extrusion rat io ,  forging or ro l l ing  temperatures, inter-  
mediate annealing temperatures and the f i n a l  condition of the material 
(cold-worked, recrystallized, etc. ) . 

Intention of the manufacturer t o  withhold proprietary 

Processing data includes information such as extrusion 

FINAL CONDITION: 
is l e f t  t o the judgemnt of the manufacturer. 
the best  possible material i n  its most creep res i s tan t  form be used in 
evaluating each alloy. 

The f i n a l  mta l lurg ica l  structure of the sheet material 
O u r  requirements are  t h a t  

REPORT: 
thermal-mechanical history of the material supplied, reporting a l l  
pertinent detai ls ,  except proprietary information, 

The manufacturer w i l l  furnish a report ( f ive copies) of the 
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4.1 CHEMICAL COMPOSITION - Alloying elements. 
w i l l  f a l l  within the range specified fo r  that particular alloy, 
t i o n  ranges, in weight percent, are  given below: 

Alloy additions f o r  each al loy 
Composi- 

Refractory Alloy Alloying Addition Composition Range, Weight Percent 
F So85 Tantalum 26.0 - 28.0 
( colunbium-base) Tungsten 1100 - 13.0 

2 i r  con ium 0.8 - 0.4 

+(pure) none 

W-25 Re Rheniun 2400 - 26.0 

SylVania p r o p r i e t a r y  i n f o r m a t i o n  

4.2 ILNTERSTITIAL EIBMENTS: The i n t e r s t i t i a l  levels shall not exceed the 
~ol lowing  amounts: 

Inter  s t  it i a l  Maximum Level Standard Method 
Element Arc-Melted Tungsten All Alloys of Analysis 

w g e n  60 3 0  P P  Vacuum gas fusion 
Carbon 60 100 P P  B c o  conductomtric 
Nitrogen 30 100 Plrm Micro k j eldahl 

mega 20 20 Ppm Vacuum fusion 

4.3 METALLIC IMpuR3TY I,EVEZ: 
determined spectrograpfiically, shall not exceed t h e  following values: 

Impurity Element Arc-Melted Tungsten A l l  Alloys 

The metallic impurity levels  of the alloys, as 

Maximum levels 

A 1  
Go 
cr 
cu 
Fe 
MI3 
Mn 
N i  
Pb 
si 
S2-l 
T i  
v, 
MQ+ 
Cb 

+Limit unless g iwn  as an alloying addition in section 4.L 



4 04 

5.0 

5.1 

5.2 

5.3 

6.0 

6.1 

TRw PLECTROMECHINICAL DIVISION 

THOMPSON R A M 0  WOOLPRID(3E INC. 

CHECK ANALYSIS: An analysis of each ingot shall be made by the manufacturer 
% m e  amount of alloying elements (4.1), i n t e r s t i t i a l  elements 
(4.2), and mstallic impurities (4.3) present. The r e su l t s  shall be included 
in the report  on the history of the material (3.4). 

QUALITY: 

SURFACE CONDITION: The f in i sh  on the sheet material shall be clean and 
free of contamination. Cracks, fissures, or imperfections revealed by 
visual or dye penetrant t e s t s  w i l l  be cause f o r  rejection of material. 
Surface roughness should be less than 200 RMS. A matte suface f inish due 
t o  acid o r  caustic cleaning i s  acceptable. 

EDGE CRACKS AND INTERNAL DEFECTS: 
i n  length and s h a l l  not occur further than 1/8 inch away from the e k e .  

Edge cracks shall not exceed l/8 inch 

Internal defects, as revealed by metallogra&,shall not exceed one & v e n t  
of the t o t a l  sheet surface. 

FLATNESS: 
-ed by the following criteron. 

Deviation from a f l a t  plane shall not exceed f ive  percent when 

Percent Flatness =; x 100 Where: H is the maximum distance 
Eetween a f l a t  reference 
surface and tf ie  lower 
surface of the sheet or 
plate. 

L is the m i n i m u m  distance 
Eetween points of contact 
of  the sheet or plate w i t h  
the f lat  reference surface, 

General bowing of the sheet i s  acceptable Ff the bow can be eliminated by 
s l igh t  pressure on the high point, of the sheet without causing buckling 
ripples, or an " o i l  can" effect. 

PACKING AND MARKING: 

PACKING: The sheet material should be packed in such a manner a s  t o  

conspicuously marked, including contents, TRW's purchase order number 
and other necessary information. 

bending or damage during shipment. Each container should be 
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6.2 MARKING: 
number, the commercial designation, heat number, manufacturer's identi- 
fication, and the nominal thickness. 
s tab le  t o  withstand ordinary handling. 

Each sheet or p la te  should be marked with t h i s  specification 

The marking should be suff ic ient ly  

7.0 ACCEPTANCE OR REJECTION: 

701  MATERIAL ACCEPTANCE: 
upon resu l t s  of chemical analysis and visual super-syglo fluorescent dye 

Acceptance of each l o t  of material is contingent 
- - -  

penetrant inspection by TRW after delivery. 
- 

7.2 MTERIAL ILE,ECTION: 
set for th  in this specification shall be suff ic ient  cause f o r  rejection 
of said material, 
of any deviated material shall not indicate acceptance. 

Failure t o  meet one or more of the requirements 

Prior written approval by TRW authorizing shipment 

7.3 DEVIATION FROM SPECIFICATION: Written authorization by TRW is requbed 
m a t  does not met one or  more of the re- 
quirements of t h i s  specFfication. 
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ReFRACTORY METAL FORGED DISKS - NOMINAZ 10 m C H  DIAMETER 

1.0 APPIJCATION: 
creep t e s t s  on available refractory m t a l  alloys. 
program, forged disks o f  high strength refractory alloys suitable f o r  
high speed turbine wheels w i l l  be screened by 1000-hour creep tests, 
Forged material with the highest projected strength-to-weight r a t i o  w i l l  
then be creep tes ted f o r  10,000 hours, Maximum t e s t  temperature f o r  the 
forged m t e r f a l  -will be 2200OF. 
valid design data f o r  advanced space power systems, 

TRW is t o  perform a ser ies  of high temperature, high vacuum 
A s  part  of the testing 

The objective of the tests is t o  generate 

2.0 MATERIALS: 

2.1 DESIGNAT ION : 

Turbine Alloys 

TZC - (M0-1.2STi-O.l~Zr-0.15C)~ 
ST-222 - (Ta-llo2W-2.8Hf-0.1~) 
Cb - 132M - (Cb-W-2OTa-SMo-2Zr-,13C) 

TZM - ( Mo-0,S~i-0. 08zr) 

AS-30 - (Cb-2oW-lZr-O.lC] 

* Allowable carbon range on t h i s  material 0.03 t o  0.s percent, 

2.2 FORM: 
diameter minimum and 0,7 inch thickness minimum. 

The material w i l l  be forged i n t o  a pancake disk forging of 9.8 inches 

300 MANUFACTURE: 

3.1 CONSDLIDATION AZOCESSn Vacuum arc  m l t e d  and/or electron beam melted 
ingots only, 
powder metallurgy material. 

Written authorization by TRW i s  required f o r  acceptance of 

3 '02 BREAKDOWN AND FORMING PROGESS: 
possible, complete information concerning the processing of the cast ingot 
into forged material. 
information concerning processing d e t a i l s  should be clearly stated in h i s  
quotation, Processing data includes information such as extrusion temper- 
ature, extrusion ra t io ,  forging or  rol l ing temperatures, intermediate 
annealing temperatures and the f i n a l  condition of the material (cold-worked, 
recrystallized, e t c  ,) 

The manufacturer shall furnish,where 

Intention of the manufacturer t o  withhold proprietary 
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3.3 FINAL CCNDITION: 
is l e f t  t o the judgement of the manufacturer. 
the best possible material in its most creep res i s tan t  form be used in 
evaluating each alloy. 

REPORT: The  manufacturer w i l l  furnish a report  ( f ive  copies) of the thermal- 
x i c a l  history of the material supplied, reporting a l l  pertinent details, 
except proprietary infor mat ion. 

The f i n a l  metallurgical structure of the forged material 
Our requirements are that 

3.4 

4.0 CHEMICAL PROPERTIES AND TESTS: 

4.1 C H E M I W  CoMpoSITIOhs: Alloying elements. Alloying additions for each 
al loy w i l l  f all within the range specified f o r  that particular alloy, 
Composition ranges, i n  weight percent, are gimn below: 

Refractory Alloz Alloying Addition Composition Range, WeigM Fbrcent 

TZM T i t a n i u m  0.40 - 0.55 
Molybdenum base Zirconium 0006 - 0.12 

Carbon 0001 - 0.a 
TZC Titanium 
Molybdenum base Zirconium 

Carbon 

ST-222 Tungsten 
Tantalum base Hafnium 

Carbon 

Cb-132M Tungsten 
Columbium base Tantalum 

Holy bdenum 
zirconitrm 
Carbon 

AS-30 
Columbium base 

Tungsten 
Zirconium 
Carbon 

11.0 -12.0 
2.0 3.0 
0.010- 0,014 

4.2 INTERSTITIAL ELEMENTS: The i n t e r s t i t i a l  levels sha l l  not exceed the 
f ollawing amounts: 
Interstitial Tantalum Molybdenum Columbium standard Method 

Element Alloys Alloys Alloys of Analysis 

oxygen 50 PPm 50 PPm 250 ppm Vacuum gas fusion 
Nitrogen so so 100 Microk j e ldahl  
Hydrogen 10 10 20  Vacuum fusion 
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IETAWIIC IMPURITY LEVEL: 
?letermined spectrographically, sha l l  not excoed the  following values: 

The metallic impurity leve ls  of the al loys as 

Molybdenum Alloys 
A1 - 80 ppm 
co - 25 ppm 
~r - 25 ppm 
cu - 25 ppm 
Fe - 50 ppm 
M g  - 25 PPm 
I& - 50 ppm 
N i  - 50 ppm 
Pb - 50 ppm 
si - 50 ppm 

v - 50 ppm 
Sn -200 ppm 
Cb -100 ppm 

Tantalum Alloys 
A1 - 50 ppm 
c0 - 25 ppm 
cr - 25 ppm 
Cu - 25 ppm 
Fe - 50 ppm 
M g  - 25 PPm - '3 ppm 
N i  - 50 ppm 
Pb - 50 ppm 
S i  - 50 ppm 
T i  -100 ppm 
v - 50 ppm 
Sn -100 ppm 
Mo -100 ppm 
Cb -100 ppm 

9 Limit unless major a l loy ing  constituent, 

Columbium Alloys 
co - 100 ppm 
Cu - 100 ppm 
Fe - 100 ppm 
Mn - 100 ppm 
N i  - 200 ppm 
Pb - 50 ppm 
S i  = 200 ppm 
T i  - 300 ppm 
v *- 150 ppm 
Mo - 200 ppm 

CHECK ANALYSIS: 
t o  determine the amount of alloying elements (4.1), intersti t ial  elements 
(k02) ,  and metallic impurities (4.3) present, 
i n  the  report  on the history of t he  material (3.4). 

An analysis of each ingot shall be made by the manufacturer 

The r e su l t s  s h a l l  be included 

QUALITY: 

SURFACE CrlNDITION: 
ground, or g r i t  blasted f i n i s h ,  
200 RMS. 

The surface of the d i s k  forging may be of a nachined, 
Surface roughness should be l e s s  than 

SURFACE DEFECTS: There should be no surface or edge cracks on the disk 
forging, as revealed by visual and dye penetrant inspection. 

INTERNAL DEFECTS: 
of the forged disk, 
l i m i t s  of c lass  A areas, as defined i n  NASA specification X,RCA, 
Ultrasonic Testing of Forgings. Class A areas are defined as having no 
indications of flaws in excess of a 5/64-inch diameter f l a t  bottomd hole, 
Multiple indications greater  than 3/64-inch diameter f l a t  bottomed hole 
may not be closer than 1.0 inch. 
specification on ultrasonic inspection. 

Ultrasonic inspedion w i l l  be used t o  judge the qua l i ty  
To be acceptable, the material must meet acceptance 

For complete d e t a i l s  r e fe r  t o  the NASA 

PACKING AND MARKING: 
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6.1 PACKING: 
prevent damage during shipment. Each container should be conspicuously 
marked, including contents, TRWs purchase order number and other 
necessary information. 

MARKING: Each forged disk should be marked with this specification 
number, the commercial designation, heat number, and manufacturerrs 
ident i f icat ion,  The marking should be suf f ic ien t ly  stable t o  with- 
stand ordinary handling. 

The forged disks should be packed in  such a manner as t o  

6.2 

7.1 MATERIAL ACCEPTANCE: 
upon r e s u l t s  of chemical analysis visual super-zyglo fluorescent dye 
penetrant inspection and ultrasonic inspection by TRW a f t e r  delivery. 

Acceptance of each l o t  of material i s  contingent 

7.2 MATEXiIAL REJECTION: 
f o r t h  in  t h i s  specification shall be suf f ic ien t  cause fo r  re jec t ion  of 
said material. 
any deviated material s h a l l  not indicate acceptance. 

Fai lure  t o  meet one or more of the requiremnts  set 

Prior written approval by TFtW authorizing shipmnt of 

7.3 DEVIATION FROM SPECIFICATION: Written authorization by TRW is required 
?or acceptance of material that does not meet one o r  more of t he  require- 
ments of t h i s  specification. 
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New, A.S. 
Sawyer, J, C, 
Stefgerwald, E. A. 
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EXTEBiAT, DISIIRIBUTION 

National Aeronautics and Space Administrat ion 
Washington, D, C, 20546 
Attn: Walter C. Scott 
Attn: James J, W c h  (RN) 
Attn: George C. Deutsch (RR) 

National Aeronautics and Space Administration 
Sc ien t i f ic  and Technical Information F a c i l i t y  
Box 5700 
Bethesda, Maryland 21811 

National Aeronautics and Space Administration 
Ames  Research Center 
Moffet Field, California 94035 
Attn: Librarian 

2 copies + 2 reproducible 

National Aeronautics and Space Administrat ion 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 
Attn: Librarian 

National Aeronautics and Space Administration 
Langley Research Center 
Hampton, Virginia 23365 
Attn: Librarian 

National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77001 
Attn: Librarian 

National Aeronautics and Space Administrat ion. 
George C. Marshall Space Flight Center 
Huntsville, Alabama 35812 
Attn: 'Librarian 

National Aeronautics and Space Administration 
Jet Propulsion Laboratory 
4800 Oak Grobe D r i v e  
Pasadena, California 91103 
Attn: Librmian 
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National Aeronautics and Space Administration 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: Librarian 

Dr .  Bernard Lubarsky (=SI) MS 86-1 
Roger Mather (NPTB) 

Joe Joyce (NPTB) MS 86-5 
Paul Moorhead (NPTB) 
John Creagh MS 86-5 
John E. Di l ley (SPSPS) MS 85-1 
N o r m  T. Xusial YS 77-1 
Thomas Strorn MS 5-8 
T. A. Moss (NPTB) MS 86-5 
D r .  'Louis Rosenblum (MS)) (106-1) 
Re Titran MS 105-1 
R. Hall MS 1s-1 
George Tulisiak Ms 14-1 

Go M. A U l t  MS 105-1 

National Aeronautics and Space Administration 
Western Operations Off ice 
150 Pic0 Boulevard 
Santa Monica, California 90406 
Attn: Mr* John Keeler 

National Bureau of Standards 
Washington 25, D. C. 
Attn: Librarian 

Aeronautical *stems Division 
Wight-Patterson A i r  Force Base, Ohio 
Attn: Charles Armkuster (ASRPP-10) 

T. Cooper 
Librarian 
John Z. Morris 
H. J. Middendorp ASNRG 331k3 

Army Ordnance Frankford Arsenal 
Bridesburg stat ion 
Philadelphia 37, Pennsylvania 
Attn: Librarian 

Bureau of Ships 
Department of the Navy 
Washington 25, DOC. 
Attn: Librarian 

Bureau of Weapons 
Research and Ehgineering 
Material Division 
Washington 25, D,C. 
Attn: Eibrarian 

10 copies 
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U, S. Naval Research Laboratory 
Washington 25, D. C. 
Attn: Librarian 

Advanced Technology Laboratories 
Division of American Standard 
369 Whisman Road 
Mountain View, California 
Attn: Librarian 

Aero jet  General Nucleonics 
P. 0, Box 77 
San Ramn, California 
Attn: Librarian 

AiResearch Nanufacturing Company 
Sky Harbor Airport 
402 South 36th Street  
Pheonix, Arizona 
Attn: Librarian 

E. A. Kovacevich 

AiResearch Manufacturing Company 
9851-9951 Sepulveda Boulevard 
b s  h g e l e s  45, California 
Attn: Librarian 

I. I, T. Research Ins t i tu te  
10 W. 35th Street 
Chicago , I l l i n o i s  60616 

Atomics International 
8900 DeSoto Avenue 
Cevloga Park, California 

AVCO 
Research and Advanced Developrwnt Department 
201  Lowell Street 
W i l m i n g t  on Massachusetts 
Attn: Librarian 

Babcock and Wilcox Company 
Research Center 
Alliance, Ohio 
Attn: Librarian 
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Battelle Hernorial Ins t i tu te  
505 King Avenue 
Columbus, Ohio 
Attn: C. M. Allen 
Attn: Librarian 

The Bendix Corporation 
Research Laboratories Division 
Southfield, Detroit 1, Michigan 
Attn: Zibrarian 

The b e i n g  Company 
Seattle, Washington 
Attn: Librarian 

Brush Beryllium Company 
Cleveland, Ohio 
Attnr Librarian 

CarboTundum company 
Niagra Falls, New Pork 
Attn: Xibrarim 

Chance Vought AircraFt Inc. 
P. 0. Box 5907 
Dallas 22, Texas 
Attn: Librarian 

Clevite Corporation 
Wchanical Research Division 
%O East 105th Street 
Cleveland 8, Ohio 
Attn: Mr. No C. Beerli, 

FYoject Administrator 

Climax Molybdenum Company of Michigan 
Detroit,  Michigan 
Attn: Librarian 

Convair Astronautics 
5001 Kerrny Villa Road 
San Diego 11, California 
Attn: Librarian 

Curtiss-Wright Corporation 
Research Division 
Tuehanna, Pennsylvania 
Attn: Librarian 

E. I, duPont de Nemours and Company, Inc. 
Wilmington 98, Delaware 
Attn: l ib rar ian  
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Ele c t r o d p t  i c a l  Systems, Incorporated 
Advanced Power Systems Division 
Pasadena, California 
Attn: l i b ra r i an  

Fansteel Metallurgical Corporation 
North Chicago, I l l i n o i s  
Attn: Librarian 
Attn: Henry 3. Kohn 

Ford Mot or Company 
Aer onutr onic s 
Newport Beach, California 
Attn: 'Librarian 

General Atomic 
John Jay Hopkins Laboratory 
Pa 0. Box 608 
San Diego 12, California 
Attn: Librarian 

General Elec t r ic  Company 
Atomic Power Equipmnt Division 

San Jose, Californfa 
P a  0. BOX 1131 

General Elec t r ic  Company 
Flight  Propulsion Laboratory Dept. 
Cincinnati 15, Ohio 
Attn: l i b ra r i an  

General Electric Company 
Missile and Space Vehicle Dept. 
3198 Chestnut Street 
Philadelphia 4, Bnnsylvania 

General Electr ic  Company 
Missile and Space Division 
C i n c h a t  i, Ohio 
Attn: Librarian, R. G. Frank, J. W. S e h l  

General Elec t r ic  Company 
Vallecitos Atomic Laboratory 
Pleasanton, California 
Attn: Librarian 
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General Electr ic  Company 
Evendal e, Ohio 4 5 2 s  
Attn: Mr. W. F. Zimmerman 

Manager-Ceramic Materials 
SP&PS 
Bldg. 701, M a i l  Drop N-20 

General Electr ic  Company 
Evendale, Ohio b5215 
FPD Technical Information Center 
Bldg. 100, Mail Drop F-22 

General Dynamics/Fort Worth 
P. 0. Box 748 
Fort Worth, Texas 
Attn: Wbrarian 

General Motors Corporation 
Allison Division 
Indianapolis 6, Indiana 
Attn: Wbrarian 

Hamilton Standard 
Division of United Aircraft Corporation 
Windsor Lacks, Connecticut 
Attn: Librarian 

Hughes Aircraft Company 
Engineering Division 
Culver City, California 
Attn: Librarian 

Lockheed Missiles and Space Division 
Lockheed Aircraft Corporation 
Sunnyvale, California 
Attn: Librasian 

Marquardt Aircraft Company 
Po 0. Box 2013 
Van Muys, California 
Attn: Librarian 

The Martin Company 
Baltimore 3, Maryland 
Attn; Librarian 

The Martin Company 
Nuclear Division 
P. 0. Box 5042 
Baltimore 20, Maryland 
Attn: Librarian 
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Martin Hmiet ta  Corporation 
Metals Technology Laboratory 
Wheeling, I l l i n o i s  

Massachusetts Ins t i tu te  of Technology 
Cambridge 39, Massachusetts 
Attn: Librarian 

Materials Research and Developmnt 
Manlabs, Inc. 
2 1  Erie Street 
Cambridge 39, Massachusetts 

Materials Research Corporation 
Orangeburg, New Ymk 
Attnr Librarian 

McDonnell Aircraft 
St. Louis, Missouri 
Attnr Sibrarian 

MSA Research Corporation 
Callery, Pennsylvania 
Attn t Librarian 

National Research Corporation 
70 Memorial Drive  
Cambridge 42, Massaohusetts 
Attnt Librarian 

North American Aviation 
La8 Angeles Division 
Lo8 Angeles 9 ,  California 
Attnr Librarian 

Norton Company 
Worcester, Massachusetts 
Attn: Librarian 

Pratt & Whitney A i r c r a f t  
400 Main Street 
East Hartford 8, Connectiout 
Attn: Librarian 

Pratt & wbitney Aircraft 
CANEL 
Po 0. Box 611 
Middletown, Connecticut 
Attn: Zibrarian 
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Republic Aviation Corporation 
Farmingdale, zbng Island, New York 
Attn: Librarian 

Solar 
2200 Pacif ic  Highway 
San Diego 12, California 
Attn: Wbrarian 

Southwest Research Ins t i t u t e  
8500 Culebra Road 
San Antonio 6, Texas 
Attn: Librarian 

Xocketdyne 
Canoga Park, CalFfornia 
Attn: Librarian 

Superior Tube Company 
Norristown, Pennsylvania 
Attn: Mr. A.  Bound 

Sglvania Elec t r ic  Products, Inc. 
Chemical and Metallurgical 
Towanda, Pennsylvania 
Attn: Librarian 

Temescal Metallurgical 
Berkeley, California 
Attn: l i b r a r i a n  

Union Carbide Corporation 
Parma Research Center 
Technical Information Service 
Po 0, Box 6116 
Cleveland, Ohio 44101 

Union Carbide Metals 
Niagara Fal ls ,  New York 
Attn: Ubra r i an  

Union Carbide Stellite Corporation 
Kokomo, Indiana 
Attn: Librarian 

Union Carbide Nuclear Company 
P. 00 Box x 
Oak Ridge, Tennessee 
Attn: X-10 Laboratory Recards Oeprtment 2 copies 
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United Nuclear Corporation 
5 New Street 
White Plains, New York 
Attn: Librarian 
Attn: Mr. A l b e r t  Weinstein, 

Sr. Ehgineer 

Universal Cyclops Steel Corporation 
Refractomt Division 
Bridgeville, Pennsylvania 
Attn: C. P. Mueller 

University of Michigan 
Department of Chemical and Wtallurgical Ebg.  
Ann Arbor, Michigan 
Attn: Librarian 

U. S. Atomic Energy Commission 
Technical Reports Library 
Washington 25, DOC. 
Attn: J. M. O'Leary 

U. So Atomic Energy Commission 
Po 0, Box 1102 
East Hartford, Connecticut 
Attn: C. E. McColley 
CANEL Project Office 

U. S. Atomic Energy C o d s s i o n  
Germantown, Maryland 
Attn: Col, E. I,. Douthett 

Attn: H, Rochen 

Attn: Sacrates Christofer 
Attnt Major Gordon Dicker 

aAP s O / S P U R  Project Office 

SNAP so/SPuR Project Office 

SNAP sO/SPUR b j e c t  Qffice 

U. S. Atomic Energy Commission 
Technical Informat ion Servlce Extenaion 
P. 0. Box 62 
Oak Ridge, Tennessee 

U, So Atomic Energy Commission 
Washington 25, D. C. 
Attn: M. 3. Whitman 

Argonne National Laboratory 
9700 South Cross Avenue 
Argonne, I l l i n o i s  
Attn: Librarian 
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Brookhaven National Laboratory 
Upton Long Island, New Pork 
Attn: Librarian 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 
Attn: W, C. Thurber 
Attn: D r .  A. J, Miller 
Attn: Librarian 

Office of Naval Research 
Power Division 
Washington 25, D o  C. 
Attno Librarian 

Vought Astronautics 
Po 0. Box 5907 
Dallas 22, Texas 
Attn: Librarian 

Wah C h a n g  Corporation 
Albany, Oregon 
A t  tn: Librarian 

West hghouse Elgctr ic  Corporation 
Astronuclear Laboratory 
Po 0. Box 10864 
Pittsburgh, Pennsylvania 15236 
Attn: R, Begley 

West inghouse Elec t r ic  Corporation 
Materials Manufacturing Divlsion 
RD No. 2 Box 25 
Blairsville, Pennsylvania 
Attn: Librarian 
Attnx F, La @re11 

Wolverine Tube Division 
Ca lumet  and Hecla, Inc. 
17200 Southfield Road 
Ai’len Park, Michigan 
Attn: Mre Eugene F. H i l l  

Wymari-Gordon Company 
North Grafton, Massachusetts 
A t  tn: Librarian 


